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IMAGING METHOD AND INKJ ET 
RECORDING APPARATUS 

TECHNICAL FIELD 

[0001] The present invention relates generally to an imag 
ing method and an inkjet recording apparatus, and particu 
larly to an image processing technique used in an inkjet 
recording apparatus that involves recording an image using a 
recording head con?gured to discharge ink. 

BACKGROUND ART 

[0002] An inkj et recording apparatus is con?gured to print 
an image through inkjet recording to thereby realize high 
quality imaging at relatively loW cost. With the Widespread 
use of the personal computer, the inkj et recording apparatus is 
becoming commonly used as a color image output apparatus 
for the personal computer. 
[0003] An inkjet recording head used in such an inkjet 
recording apparatus has plural nozzles arranged in the sub 
scanning direction (i.e., traveling direction of recording 
paper), and is moved in the main scanning direction (i.e., 
direction perpendicular to the traveling direction of recording 
paper) by a carriage mechanism. The nozzles of the inkjet 
recording head are con?gured to discharge ink droplets at 
appropriate timings according to dot pattern data obtained by 
developing print data. In this Way, the ink droplets discharged 
from the nozzles are adhered to recording paper to thereby 
realize image printing. 
[0004] As is described above, the inkjet recording appara 
tus may be used as an output apparatus of a personal com 
puter. In this respect, techniques for increasing the recording 
speed, improving the image quality, reducing the apparatus 
size, and reducing the apparatus cost are in demand. It is noted 
that speed increase may be realized by increasing the ink 
discharge drive frequency, increasing the number of nozzles, 
or printing at a loWer resolution in a case Where the printing 
resolution is higher than the nozzle resolution, for example. 
Image quality improvement may be realized by miniaturizing 
the nozzles or increasing the printing resolution, for example. 
[0005] In order to realize speed increase and image quality 
improvement at the same time, the number of nozzles may be 
increased to realize high resolution printing With small dots. 
HoWever, it is noted that by increasing the number of nozzles, 
the size of the inkjet recording head is increased to thereby 
cause cost increase. Also, it is noted that an increase in the size 
of the recording head may lead to an increase in the overall 
size of the inkjet recording apparatus, an increase in the 
amount of vibrations and noise upon moving the recording 
head, and an increase in the poWer consumption amount, for 
example. As can be appreciated from the above descriptions, 
speed increase and image quality improvement are in a 
tradeoff relationship. 
[0006] In this respect, use of a technique that involves 
super?cially increasing the resolution by adjusting the 
arrangement of nozzles is being proposed (e. g., see Japanese 
Laid-Open Patent Publication No. 2-26753, Japanese Patent 
No. 3,533,771, and Japanese Laid-Open Patent Publication 
No. 2001-260423). It is noted that this technique has been 
developed in vieW of the demand for higher resolution and the 
fact that monochrome printing is generally used more often 
than color printing. According to this technique, nozzles of 
the three primary colors (magenta, cyan, yelloW) are arranged 
on the same scanning lines that are shifted from the positions 
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of black nozzles by 1/2 the nozzle pitch. With such an arrange 
ment, in the case of performing monochrome image printing, 
black realized by black ink and composite black realized by 
combining the three primary color inks may be used for 
printing a monochrome image so that the printing resolution 
for monochrome image printing may be double the printing 
resolution for color image printing Without causing a 
decrease in the printing speed. 
[0007] Also, in order to miniaturize the head size and 
increase the nozzle density, tWo roWs of nozzles may be 
staggered With respect to each other. Such a nozzle arrange 
ment is particularly applied to a piezoelectric recording head, 
Which has relatively large piezoelectric elements so that den 
si?cation of the nozzles is highly demanded. 
[0008] According to the technique disclosed in the above 
cited documents, composite black is used in addition to black 
from black ink, and the three primary color nozzles are 
arranged on the same scanning lines While the black ink 
nozzles are shifted by 1/2 the nozzle pitch from the scanning 
line positions of the primary color nozzles. Therefore, the 
technique of staggering the nozzles of one nozzle roW With 
respect to the nozzles of another nozzle roW to increase the 
nozzle density and miniaturize the head size may not be 
combined With the above technique for realizing high quality 
imaging at high speed. In other Words, nozzle densi?cation/ 
head miniaturization and high-quality/high-speed printing 
cannot be realized at the same time based on the above 
described techniques. 

DISCLOSURE OF THE INVENTION 

[0009] According to an aspect of the present invention, an 
imaging method and an inkjet recording apparatus are pro 
vided that can realize high-speed/high-quality imaging and 
head miniaturization at the same time. 

[0010] According to one speci?c embodiment of the 
present invention an imaging method is provided for realizing 
full color printing using an ink head con?gured to discharge 
black ink and a plurality of color inks, the method including: 
[0011] printing a monochrome image portion by printing a 
plurality of ?rst rasters using the black ink and an arbitrary 
number of the color inks, and printing a second raster in 
betWeen the ?rst rasters using pseudo black ink that is realized 
by a remaining number of the color inks. According to one 
aspect of the present embodiment, high speed/high quality 
printing may be realized Without increasing the head size. 
[0012] In one preferred embodiment, the ?rst rasters are 
printed using the arbitrary number of the color inks to adjust 
a gray balance With respect to the second raster printed using 
the pseudo black ink. 
[0013] In another preferred embodiment, sWitching is per 
formed betWeen printing the monochrome image portion 
using the black ink and the arbitrary number of the color inks, 
and printing the monochrome image portion using the black 
ink, the arbitrary number of the color inks, and the pseudo 
black ink depending on the image object type of the mono 
chrome image portion. According to one aspect of the present 
embodiment, in a case Where color portions and monochrome 
portions are intermingled Within an image object, the mono 
chrome portion of the image object may be printed at the same 
resolution as the color portion of the image in order to prevent 
an aWkWard appearance of the overall image, for example. 
[0014] In another preferred embodiment, the monochrome 
image portion is printed using the black ink and the pseudo 
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black ink in a case Where the monochrome image portion 
corresponds to at least one of a character or a line. 

[0015] In another preferred embodiment, in a case Where 
the ink head is con?gured to adjust ink droplet siZes of the 
black ink and the color inks, the ink droplet siZe of the black 
ink is arranged to be greater than or equal to the ink droplet 
siZes of the color inks upon printing the monochrome image 
portion. According to one aspect of the present embodiment, 
gray balance deviations in the monochrome image printed 
using the pseudo black ink may be reduced, for example. 
[0016] In another preferred embodiment, the ink droplet 
siZes of the color inks are determined based on a dot arrange 
ment pattern of the monochrome image portion. According to 
one aspect of the present embodiment, color ink dots printed 
as pseudo black ink dots of the monochrome image may be 
prevented from standing out. 
[0017] In another preferred embodiment, the monochrome 
image portion is printed at a sub scanning resolution that is 
double a color image sub scanning resolution for printing a 
color image portion. 
[0018] In another preferred embodiment, the number of 
scans performed by the ink head in the main scanning direc 
tion is changed depending on Whether the monochrome 
image portion is printed or a color image portion is printed. 
[0019] In another preferred embodiment, a dot printed 
using the pseudo black ink is positioned adjacent to a dot 
printed using the black ink, or the pseudo black ink dot is 
positioned in betWeen tWo dots printed using the black ink. 

[0020] According to another speci?c embodiment of the 
present invention, an inkjet recording apparatus is provided 
that forms an image on a recording medium, the apparatus 
including: 
[0021] an ink head con?gured to discharge black ink and a 
plurality of color inks While moving back and forth in a main 
scanning direction that is perpendicular to a sub scanning 
direction corresponding to a conveying direction of the 
recording medium; 
[0022] Wherein the ink head includes a ?rst noZZle roW 
group and a second noZZle roW group, the ?rst noZZle roW 
group including a black noZZle roW having black noZZles for 
discharging the black ink and at least one color noZZle roW 
having color noZZles for discharging at least one color ink of 
the color inks, the black noZZles of the black noZZle roW and 
the color noZZles of the at least one color noZZle roW being 
arranged at ?rst raster positions With respect to the sub scan 
ning direction, and the second noZZle roW group including a 
plurality of color noZZle roWs having color noZZles for dis 
charging the color inks other than the at least one color ink to 
be discharged by the ?rst noZZle roW group, the color noZZles 
of the second noZZle roW group being arranged at second 
raster positions that are shifted from the ?rst raster positions 
in the sub scanning direction by half a noZZle pitch; and 
[0023] the second noZZle roW group is con?gured to per 
form pseudo black printing by printing a color dot as a pseudo 
black dot substituting a black dot of a monochrome image 
portion using at least tWo of the color-noZZles positioned at a 
corresponding raster position of the black dot. According to 
one aspect of the present embodiment, an inkjet apparatus 
With a relatively simple con?guration is provided that is 
capable of realiZing high speed/high quality printing and 
miniaturization at the same time. 
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[0024] In a preferred embodiment, the color ink discharged 
by the color noZZles of the color noZZle roW of the ?rst noZZle 
roW group corresponds to one of magenta ink, cyan ink, or 
yelloW ink. 
[0025] In another preferred embodiment, the color noZZles 
of the at least one color noZZle roW of the ?rst noZZle roW 
group are used to adjust a gray balance of the monochrome 
image portion. 
[0026] In another preferred embodiment, sWitching is per 
formed betWeen printing the monochrome image using the 
?rst noZZle roW group and printing the monochrome image 
portion using the ?rst noZZle roW group and the second noZZle 
roW group depending on an image object type of the mono 
chrome image portion. According to one aspect of the present 
embodiment, in a case Where a color portion and a mono 
chrome portion are intermingled Within an image object, the 
monochrome portion may be printed at the same resolution as 
the color portion in order to prevent an aWkWard appearance 
of the overall image, for example. 
[0027] In another preferred embodiment, the monochrome 
image portion is printed using the ?rst noZZle roW group and 
the second noZZle roW group in a case Where the monochrome 
image portion corresponds to at least one of a character or a 
line. 
[0028] In another preferred embodiment, in a case Where 
the ink head is con?gured to adjust ink droplet siZes of the 
black ink and the color inks, the ink droplet siZe of the black 
ink is arranged to be greater than or equal to the ink droplet 
siZes of the color inks. According to one aspect of the present 
embodiment, gray balance deviations may be reduced in the 
monochrome image portion printed using pseudo black print 
ing, for example. 
[0029] In another preferred embodiment, the ink droplet 
siZes of the color inks to be discharged by the color noZZles 
are determined based on a dot arrangement pattern of the 
monochrome image portion. According to one aspect of the 
present embodiment, the color dot printed as the pseudo black 
dot may be prevented from standing out in the monochrome 
image portion, for example. 
[0030] In another preferred embodiment, the sub scanning 
resolution of the monochrome image portion is arranged to be 
at least double the color image sub scanning resolution for 
printing a color image portion. 
[0031] In another preferred embodiment, the number of 
scans performed by the ink head in the main scanning direc 
tion is changed depending on Whether the monochrome 
image portion is printed or a color image portion is printed. 
[0032] In another preferred embodiment, the color dot 
printed as the pseudo black dot by the second noZZle roW 
group through pseudo black printing is arranged to be adja 
cent to a black dot printed With black ink by the ?rst noZZle 
roW group. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] Other objects, features and advantages of the 
present invention Will become more apparent from the fol 
loWing detailed description When read in conjunction With the 
accompanying draWings. 
[0034] FIG. 1 is a cross-sectional diagram shoWing a con 
?guration of an inkjet recording apparatus corresponding to 
an image recording apparatus according to an embodiment of 
the present invention; 
[0035] FIG. 2 is a diagram illustrating a mechanism of the 
inkjet recording apparatus of FIG. 1; 
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[0036] FIG. 3 is a cross-sectional diagram showing a con 
?guration of a conveying belt of the inkjet recording appara 
tus of FIG. 1; 
[0037] FIG. 4 is a block diagram shoWing a con?guration of 
a control unit of the inkj et recording apparatus of FIG. 1; 
[0038] FIG. 5 is a block diagram shoWing a con?guration of 
image processes performed at a host PC and the inkjet record 
ing apparatus of FIG. 1; 
[0039] FIG. 6 is plan vieW shoWing the noZZle arrangement 
of a head unit of the inkjet recording apparatus of FIG. 1; 
[0040] FIGS. 7A-7C are diagrams illustrating an imaging 
method according to an embodiment of the present invention; 
[0041] FIGS. 8A-8C are tables indicating preferred ink 
droplet siZes according to various conditions in the case of 
using the imaging method of the present embodiment; 
[0042] FIGS. 9A and 9B are tables indicating total ink 
consumption amounts in the case of using the imaging 
method of the present embodiment and in the case of simply 
using black ink; 
[0043] FIG. 10 is a diagram shoWing an image including 
image objects of different types and colors; 
[0044] FIGS. 11A and 11B are diagrams illustrating an 
exemplary case of printing an image using the imaging 
method of the present embodiment; 
[0045] FIGS. 12A and 12B are diagrams illustrating 
another exemplary case of printing an image using the imag 
ing method of the present embodiment; 
[0046] FIGS. 13A and 13B are diagrams illustrating 
another exemplary case of printing an image using the imag 
ing method of the present embodiment; and 
[0047] FIG. 14 is a table indicating set values for different 
printing modes realiZed using the imaging method of the 
present embodiment. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0048] In the folloWing, preferred embodiments of the 
present invention are described With reference to the accom 
panying draWings. 
[0049] FIG. 1 is a diagram shoWing a con?guration of an 
inkjet recording apparatus that uses an imaging method 
according to an embodiment of the present invention. As is 
shoWn in this draWing, the inkjet recording apparatus 
includes an apparatus main frame 1, an imaging unit 2 that is 
accommodated Within the apparatus main frame 1, a paper 
feeding tray 4 arranged at the loWer side of the apparatus main 
frame that accommodates plural sheets of recording paper 
(recording medium) 3, a conveying mechanism 5 that con 
veys the recording paper 3 that is fed from the paper feeding 
tray 4 to the imaging unit 2, and a delivery tray 6 arranged at 
the side of the apparatus main frame 1 to Which the recording 
paper 3 is delivered after an image is recorded thereon by the 
imaging unit 2. 
[0050] It is noted that the illustrated inkjet recording appa 
ratus also includes a dual-side printing unit 7 that may be 
detached from the apparatus main frame 1. The dual-side 
printing unit 7 is used upon performing dual side printing. In 
this case, after an image is printed on one side of the recording 
paper 3, the conveying mechanism 5 conveys the recording 
paper in a reverse direction so that the recording paper 3 may 
be fed into the dual-side printing unit 7. In turn, the dual-side 
printing unit 7 turns the recording paper 3 to the other side and 
feeds the overturned recording paper 3 to the conveying 
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mechanism 5 so that an image may be printed on the other 
side of the recording paper 3 to then be delivered to the 
delivery tray 6. 
[0051] The imaging unit 2 includes guide shafts 11, 12, and 
a carriage 13 that is supported by the guide shafts 11 and 12 so 
that it may slide along the guide shafts 11 and 12. The carriage 
13 is moved by a main scanning motor (not shoWn) in a 
direction perpendicular to the conveying direction of the 
recording paper 3 (main scanning direction). It is noted that 
the recording paper conveying direction and the carriage 
moving direction are illustrated in FIG. 2. As is shoWn in FIG. 
1, the carriage 13 includes a recording head 14 corresponding 
to an ink discharge head that has plural noZZle holes as ink 
discharge outlets arranged thereon. Also, an ink cartridge 15 
is detachably arranged on the recording head 14 to supply 
liquid (ink) to the recording head 14. It is noted that in one 
alternative example, the ink cartridge 15 may be replaced by 
a sub tank, and the sub tank may be con?gured to have ink 
supplied thereto from a main tank. 

[0052] In one example, the recording head 14 may com 
prise four inkjet heads that are con?gured to discharge ink 
droplet of colors black (K), cyan (C), magenta (M), and 
yelloW (Y), respectively. In another example, the recording 
head 14 may comprise a single inkjet head having plural 
noZZle roWs that are con?gured to discharge ink droplets in 
the respective colors. It is noted that the number of colors and 
the arrangement order of the noZZles are not limited to the 
illustrated examples. 
[0053] Also, the inkjet head realiZing the recording head 14 
may include energy generating means for discharging ink 
such as a pieZoelectric element (e.g., pieZoelectric actuator) a 
thermal actuator that uses an electro-thermal converting ele 
ment such as a heat resistive element and relies on phase 
change caused by liquid ?lm boiling, a shape-memory metal 
alloy actuator that relies on metal phase change caused by 
temperature change, or an electrostatic actuator that relies on 
electrostatic poWer. 

[0054] The recording paper 3 accommodated in the paper 
feeding tray 4 is arranged to be fed into the apparatus main 
frame 1 one sheet at a time by a paper feeding roller 21 and a 
separating pad (not shoWn) to be conveyed by the conveying 
mechanism 5. 

[0055] The conveying mechanism 5 includes a conveying 
guide unit 23 that is con?gured to guide the recording paper 3 
fed from the paper feeding tray 3 in an upWard direction along 
a guide surface 23a, and guide the recording paper 3 conveyed 
from the dual-side printing unit 7 along a guide surface 23b, 
a conveying roller 24 for conveying the recording paper 3, a 
pressure roller 25 that pushes the recording paper 3 onto the 
conveying roller 24, a guide member 26 that guides the 
recording paper 3 toWard the conveying roller 24, a guide 
member 27 that guides the recording paper 3 subject to dual 
side printing to the dual-side printing unit 7 to be overturned 
and fed back into the conveying mechanism 5, and a push 
roller 28 that pushes the recording paper 3 being conveyed 
aWay from the conveying roller 24. 
[0056] The conveying mechanism 5 also includes a drive 
roller 31, a driven roller 32, a conveying belt 33 that is 
arranged around the drive roller 31 and the driven roller 32, a 
charge roller 34 for charging the conveying belt 33, a guide 
roller arranged opposite the charge roller 34, a guide plate or 
platen plate (not shoWn) that guides the conveying belt 33 at 
a region opposite the imaging unit 2, a cleaning roller corre 
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sponding to cleaning means for removing recording liquid 
(ink) adhered to the conveying belt 33 that may be made of 
porous material, for example. 
[0057] The conveying belt 33 in the present example is a 
continuous belt that is arranged around the drive roller 31 and 
the driven roller (tension roller) 32. The conveying belt 33 is 
con?gured to rotate in the direction of arroW A shoWn in FIG. 
1 (paper conveying direction). The conveying belt 33 may 
have a single-layer structure, a dual-layer structure as is 
shoWn in FIG. 3, or a three-layer structure, for example. FIG. 
3 is a cross-sectional diagram shoWing an exemplary struc 
ture of the conveying belt 33 having a ?rst layer (surface 
layer) 3311 and a second layer (inner layer) 33b. For example, 
the conveying belt 33 may include a surface layer as a paper 
attracting surface made of resin material that is not rheostati 
cally controlled such as ETFE pure material having a pure 
thickness of approximately 40 um and an inner layer (inter 
mediate resistive layer, earth layer) made of the same resin 
material as the surface layer that is rheostaically controlled by 
carbon. 
[0058] As is shoWn in FIG. 3, the charge roller 34 is 
arranged to come into contact With the surface layer 3311 of the 
conveying belt 33 and be driven to rotate in response to the 
rotation of the conveying belt 33. It is noted that the charge 
roller 34 is applied a high voltage according to a predeter 
mined pattern by a high voltage circuit or high voltage poWer 
source (not shoWn). 
[0059] Also, a delivery roller 38 is arranged at the doWn 
stream side of the conveying mechanism 5 for delivering the 
recording paper 3 With an image recorded thereon to the 
delivery tray 6. 
[0060] In the inkj et recording apparatus as is described 
above, the conveying belt 33 rotates in the direction of the 
arroW A shoWn in FIG. 1 to come into contact With the charge 
roller 34 that is applied a high potential voltage to be posi 
tively charged. In this case, the polarity of electrical charge of 
the charge roller 34 may be sWitched at predetermined time 
intervals so that it may charge the conveying belt 33 at a 
predetermined charge pitch. 
[0061] When recording paper 3 is conveyed to the convey 
ing belt 33 that is charged With high potential, the interior of 
the recording paper 3 is polarized. In turn, an electric charge 
that is of an opposite polarity of the electric charge of the 
conveying belt 33 is induced at the face of the recording paper 
3 that is in contact With the conveying belt 33. The charge of 
the conveying belt 33 and the induced charge of the conveyed 
recording paper 3 in contact With the conveying belt 33 are 
statically attracted to each other, and the recording paper 3 is 
statically attached to the conveying belt 33. In this Way, the 
recording paper 3 may be securely attached to the conveying 
belt 33 so that creases and Warping of the recording paper 3 
may be straightened (corrected) and a smooth planar surface 
may be realiZed. 
[0062] Then, the conveying belt 33 is rotated to move the 
recording paper 3, and the recording head 14 is driven accord 
ing to an image signal. Speci?cally, the recording head 14 is 
driven according to the image signal to discharge ink droplets 
(liquid droplets) on the recording paper 3 to record one line 
image When the recording paper 3 is in a still state, and record 
the next line image after the recording paper 3 is moved by a 
predetermined distance. The recording head 14 ends its 
recording operations upon receiving a recording end signal or 
a signal indicating that the rear end of the recording paper 3 
has reached the recording region. 
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[0063] Then, the recording paper 3 With an image recorded 
thereon is delivered to the delivery tray 6 through the delivery 
roller 38. 
[0064] In the folloWing, a control unit of the inkjet record 
ing apparatus according to an embodiment of the present 
invention is described. FIG. 4 is a block diagram shoWing a 
con?guration of a control unit 100. 
[0065] The control unit 100 includes a CPU 101, a ROM 
102 that stores ?xed data such as programs to be executed by 
the CPU 101, a RAM 103 that temporarily stores data such as 
image data, a nonvolatile memory (NV RAM) 104 that can 
hold on to data even When the poWer of the apparatus is turned 
off, and an ASIC 105 that processes input/output signals for 
controlling the apparatus, for example. It is noted that the 
ASIC 105 may be con?gured to realiZe a part of imaging 
processes for processing input image data particularly in a 
case Where the recording apparatus corresponds to a ‘high 
speed’ recording apparatus as is described beloW. 
[0066] The control unit 100 also includes a host UP 106 for 
realiZing data/ signal transmission/reception With a host, a 
head drive control unit 107 for driving and controlling the 
recording head 14, a head driver 108, a main scanning motor 
drive unit 110 for driving a main scanning motor 109, a sub 
scanning motor drive unit 112 for driving a sub scanning 
motor 111, an environmental sensor 113 for detecting the 
environmental temperature and/ or the environmental humid 
ity, and an I/ O 114 for inputting detection signals from vari 
ous sensors (not shoWn), for example. 
[0067] The control unit 100 is connected to an operations 
panel 115 for inputting and displaying required information 
for the apparatus. Also, the control unit 100 is con?gured to 
control the on/off sWitching and output polarity sWitching of 
a high voltage circuit (high voltage poWer source) 116 that is 
con?gured to apply a high voltage to the charge roller 34. 
[0068] The host UP 106 ofthe control unit 100 is con?gured 
to receive data such as print data including image data from 
the host via cable or a netWork. It is noted that the host may be 
an information processing apparatus such as a personal com 
puter (PC), an image reading apparatus such as an image 
scanner, or an image capturing apparatus such as a digital 
camera, for example. 
[0069] The CPU 101 is con?gured to read and analyZe print 
data stored in a reception buffer of the host UP 1 06, control the 
ASIC 105 to perform a data rearranging process, for example 
(and possibly a part of imaging processes as is described in 
detail beloW), and transmit image data to the head drive 
control unit 107. It is noted that conversion of the print data to 
bitmap data for realiZing image output may be realiZed at the 
inkjet recording apparatus side by storing font data in the 
ROM 102, for example, or the image data may be developed 
into bitmap data by a printer driver at the host side and the 
bitmap data may be transmitted to the inkj et recording appa 
ratus. 

[0070] The head drive control unit 107 is con?gured to 
receive image data (dot pattern data) of one line image to be 
recorded by the recording head 14, synchroniZe the received 
one-line dot pattern data With a clock signal, transmit serial 
data corresponding to the synchronized image data and clock 
data to the head driver 108, and transmit a latch signal to the 
head driver 108 at a predetermined timing. 
[0071] The head drive unit 107 includes a drive Waveform 
generating circuit that may be made up of a ROM (e. g., ROM 
102) that stores dot pattern data of a drive Waveform (drive 
signal), a Waveform generating circuit including a D/A con 










